A n abdominal aortic aneurysm (AAA) occurs when the aorta below the renal arteries expands to a maximal diameter of 3.0 cm or greater. Abdominal aortic aneurysms are found in 4% to 8% of older men and 0.5% to 1.5% of older women (1) (2) (3) (4) (5) . Age, smoking, sex, and family history are the most significant AAA risk factors (1) . Aortic aneurysms account for about 15 000 deaths in the United States annually; of these, 9000 are AAA-related and the remainder are due to thoracic aortic aneurysms (6, 7) . Most AAA deaths occur in men 65 years of age and older (8, 9) .
Although AAAs may be asymptomatic for years, as many as 1 in 3 eventually rupture if left untreated (10) . The prognosis for ruptured AAAs is grim. Since most patients with ruptured AAAs die out of the hospital or before surgery (11) , and since the operative mortality rate for emergent AAA repair is high (12) , only 10% to 25% of individuals with ruptured AAAs survive until hospital discharge.
Ultrasonography of the abdomen is accurate (13, 14) and reliable (15) in detecting AAAs. Survival after elective surgical repair approaches that of the general population (16) . Elective AAA repair, however, may result in significant harms, such as operative mortality, myocardial infarction, respiratory and renal failure, and changes in functional status (17, 18) . In its 1996 recommendation, the U.S. Preventive Services Task Force (USPSTF) found insufficient evidence to recommend for or against routine AAA screening of asymptomatic adults. The Task Force cited the need for data from population-based screening trials to determine whether the potential benefit from preventing ruptured AAAs justified the potential risks from increased surgery (19) .
Since 1996, results from 4 population-based randomized, controlled trials of AAA screening have been published (5, 9, 20 -24) . On the basis of this new evidence, the USPSTF sought to update its 1996 recommendation bydiagram are provided in the Appendix, Appendix Figures  1 and 2 , and the Appendix Table (available at www.annals .org).
The evidence review focused on the following key questions: 1a) Does AAA screening, in an asymptomatic average-risk or high-risk population, reduce AAA-related adverse health outcomes? 1b) For individuals who do not have AAAs on initial screening, does periodic repeated screening reduce AAA-related adverse health outcomes? 2) What are the harms associated with AAA screening? 3) For AAAs 3.0 to 5.4 cm detected through screening, does immediate repair or surveillance reduce AAA-related adverse health outcomes? 4) What are the harms associated with repair of AAAs 5.5 cm or greater? 5) What are the harms associated with immediate repair or surveillance of AAAs 3.0 to 5.4 cm?
This article focuses only on key questions 1a, 1b, 2, and 4, which are most relevant to determining the net benefit (benefit minus harms) of population-based screening for AAA. Key questions 3 and 5 address management strategies for AAAs 3.0 to 5.4 cm, which are at much lower risk for rupture than larger AAAs (25, 26) . Key questions 3 and 5 are reviewed in our full systematic evidence synthesis (available at www.preventiveservices.ahrq.gov).
METHODS
We performed this review on the basis of methods previously established by the USPSTF (27) . We initially developed an analytic framework and key questions, in conjunction with USPSTF liaisons, to define the strategy used to perform this systematic review. Since direct evidence regarding population-based screening from randomized, controlled trials was available, we did not explicitly review the accuracy and reliability of ultrasonography in population-based AAA screening. The sensitivity of ultrasound scanning for an AAA is 95%, and the specificity approaches 100%; the examination is safe and reliable (14, 15, 28, 29) . Limited ultrasonography for AAA screening can be performed in less than 10 minutes (30) .
To identify relevant studies, we searched MEDLINE (January 1994 through July 2004), the Cochrane Database of Systematic Reviews (2004, Issue 1), and the Cochrane Controlled Trials Register (January 1994 through May 2004). Literature search strategies are summarized in the Appendix (available at www.annals.org). We identified additional studies from the reference lists of retrieved articles, periodic hand searches of relevant journals, and suggestions from experts.
To evaluate the effectiveness of AAA screening (key question 1a), we searched for randomized, controlled trials of population-based screening for AAA. To evaluate the benefit of periodic repeated screening after a normal scan (key question 1b), we identified cohort or follow-up studies of patients without AAAs identified in population screening studies. To evaluate the potential harms associated with AAA screening and treatment (key questions 2 and 4), we examined data from the trials of population screening and searched for other relevant retrospective or prospective cohort studies.
Two authors reviewed 271 abstracts and 26 articles using defined inclusion criteria and abstracted relevant information about the population, setting, interventions, and outcomes of each included trial of screening and harms (see the Appendix and Appendix Figure 2 , available at www .annals.org, for inclusion criteria and the trial flow diagram). Predefined criteria from the USPSTF were used to assess the internal validity of each population-based screening trial and to assign quality ratings of "good," "fair," or "poor" (27) . We did not assign quality ratings for studies of repeated screening or harms of screening and treatment.
We used published data from the trials of populationbased AAA screening to calculate estimates of unadjusted odds ratios (ORs) and 95% CIs for AAA-related mortality and all-cause mortality. We performed meta-analyses to calculate summary estimates for AAA-related mortality and all-cause mortality using the DerSimonian and Laird random-effects model (31) . When no heterogeneity is present, the DerSimonian and Laird random-effects estimate is identical to the fixed-effects estimate. We deemed the random-effects model to be more appropriate than a fixed-effects model because the included studies differed in characteristics such as population, starting and stopping ages for screening, outcomes ascertainment, and duration of follow-up (32 We modeled the impact of screening on AAA-related mortality over 5 years for 100 000 U.S. men age 65 to 74 years. We also examined how the modeled impact of screening would differ in those with a history of smoking and those who had never smoked within this same sample. This article is based on a full evidence synthesis, which is available at www.preventiveservices.ahrq.gov.
Role of the Funding Source
This research was funded by the Agency for Healthcare Research and Quality under a contract to support the work of the U.S. Preventive Services Task Force. Agency staff and Task Force members participated in the initial design of the study and reviewed interim analyses and the final manuscript. The full evidence report was distributed for review to content experts and was revised accordingly. Agency approval was required before this manuscript could be submitted for publication, but the authors are solely responsible for its content and the decision to submit it.
DATA SYNTHESIS Trial Characteristics
We identified 4 randomized, controlled trials that evaluated population-based screening for AAA: the MultiClinical Guidelines Screening for Abdominal Aortic Aneurysm centre Aneurysm Screening Study (MASS) from the United Kingdom (22) ; the Chichester, United Kingdom, screening study (5, 9, 20) ; the Viborg County, Denmark, screening study (21) ; and the Western Australia screening study (23, 33, 34) . Table 1 shows the characteristics of the 4 screening trials. All trials identified potential participants age 65 years or older at average risk for AAA through population registries or regional health directories. The 4 trials included more than 125 000 total participants. Different stopping ages were used for each trial and ranged from 73 years to 83 years. No data were provided on race or ethnicity. Only the Chichester trial included women.
In MASS and in the Chichester and Western Australia trials, participants were excluded before randomization if they resided in nursing homes. In MASS and in the Chichester trial, participants were also excluded before, and without knowledge of, randomization if their primary physician deemed them unfit for elective AAA repair. Participants were then randomly assigned to an intervention group that received an invitation to attend screening or to a control group that received "usual care." All control group participants were followed passively and without contact. Across the 4 trials, 63% to 80% of invited participants attended ultrasound scanning. On an intention-totreat basis, those who were invited to screening but did not attend were also included in the analysis.
In MASS and in the Chichester and Viborg County trials, patients with AAAs exceeding a threshold size of 5.0 to 6.0 cm on initial measurement were referred to a vascular surgeon. Patients with smaller AAAs periodically underwent repeated scanning and were referred to a vascular surgeon for AAAs that had expanded to or above the threshold size. In MASS and in the Chichester trial, patients were also referred if the AAA expanded rapidly (Ն1.0 cm in 1 year) or became symptomatic. Participants with normal-size aortas (Ͻ3.0 cm) on the initial scan received no further follow-up. In MASS, 31 of 322 patients in the invited group who had elective AAA repairs (9.6%) did not meet trial criteria for referral on the basis of AAA size. Crossover data were not available for other trials.
In the Western Australia trial, each patient attending screening received a letter with his results, as well as a letter for his physician with results and management guidelines suggesting yearly rescanning for AAAs 3.0 to 3.9 cm, twice yearly scanning or vascular surgery referral for AAAs 4.0 to 4.9 cm, and vascular surgery referral for AAAs 5.0 cm or greater. For patients with AAAs 4.5 cm or greater, a letter was also mailed to the patient's personal physician. Subsequent examinations and vascular surgery referral were left to the discretion of the patient and his physician. The investigators had no further contact with participants in either the group invited to screening, regardless of whether they were scanned, or the control group.
All 4 trials were rated as good or fair quality according to the USPSTF rating criteria (Appendix, available at www .annals.org) (27) . We considered outcomes at 4 to 5 years of follow-up for all included trials. While the Chichester trial also reported outcomes for 10 years of follow-up (5), we did not include these data because the number of patients differed from the number of patients reportedly randomly assigned in the paper detailing the 5-year results (20) .
AAA Screening in Men
The results of the 4 AAA screening trials are shown in Figure 1 and Figure 2 . All trials had ORs favoring an association between an invitation to attend screening and a reduction in AAA-related deaths. The association was significant in MASS (OR, 0.58 [95% CI, 0.42 to 0.78]) and in the Viborg County study (OR, 0.31 [CI, 0.13 to 0.79]). We examined the impact of an invitation to attend screening on AAA-related mortality for men by pooling trial results using meta-analysis (Figure 1) . The pooled OR showed a reduction in AAA-related mortality favoring screening (OR, 0.57 [CI, 0.45 to 0.74]). The Multicentre Aneurysm Screening Study, the largest of the trials and the trial with the narrowest CI, contributed the most weight to (Figure 2) . When the results of the 3 trials were pooled, an invitation to attend screening was associated with a nonsignificant reduction in all-cause mortality (OR, 0.98 [CI, 0.95 to 1.02]).
AAA Screening in Women
The Chichester trial included 9342 women age 65 to 80 years who were randomly assigned to either an invitation-to-screening group or a control group (Table 1) (20) . Sixty-five percent of women attended screening, compared with 73% of men (P Ͻ 0.001). The AAA prevalence in women was 1.3%, compared with 7.6% in men. At 5 years of follow-up, there were no differences between women invited for screening and the control group in either AAArelated mortality (OR, 1.0 [CI, 0.14 to 7.07]) or all-cause mortality (OR, 1.05 [CI, 0.92 to 1.19]). At 10 years, the incidence of AAA rupture was the same for women in the screening and control groups (9) .
AAA Screening in High-Risk Populations
Age is a significant AAA risk factor. The odds ratio of finding an AAA of at least 4.0 cm, adjusted for other risk factors, increases by 1.71 (CI, 1.61 to 1.82) for each 7-year age interval (1). The Western Australia trial was the only study reporting AAA-related mortality for different age groups. Overall, there was no significant difference in AAA-related mortality between those invited to screening and uninvited controls (OR, 0.72 [CI, 0.39 to 1.32]) (Figure 1) . In a post hoc analysis, an invitation to screening was associated with a significant reduction in AAA-related mortality for men age 65 to 75 years (OR, 0.19 [CI, 0.04 to 0.89]) and a trend toward increased mortality in older men.
Smoking history has been suggested as a possible criterion for selective AAA screening (35) . A history of smoking has been associated with a 3-to 5-fold increase in AAA prevalence across all age groups and an increased risk for MASS ϭ Multicentre Aneurysm Screening Study; OR ϭ odds ratio. *Age ϭ standardized numbers were used for the Western Australia trial because of an early age imbalance that was subsequently corrected (24) .
Clinical Guidelines Screening for Abdominal Aortic Aneurysm AAA-related mortality (36, 37) . Figure 3 shows the prevalence of AAAs 3.0 cm or larger in ever smokers and never smokers by age. Data were provided by 1 of the authors on the basis of a screening trial in 126 696 U.S. veterans (1). Prevalence of AAAs increases more rapidly with age for ever smokers compared with never smokers (P ϭ 0.004). Among never smokers, the prevalence of AAAs 4.0 cm or larger, which are associated with a greater risk for rupture if not detected, is less than 1% for all ages (36) .
To examine selective screening, we modeled the impact of an invitation to attend screening, based on smoking status, in a hypothetical cohort of 100 000 U.S. men age 65 to 74 years and extrapolated these results to the U.S. population of men in the same age group (38) ( Table 2) . Approximately 69% of men in the United States who are 65 to 74 years of age have a history of smoking, defined as lifetime consumption of more than 100 cigarettes (39) . The model estimates that inviting only those 69% of men with a history of smoking to attend screening would account for 89% of the expected reduction in AAA-related mortality from population-based screening of all men 65 to 74 years of age. Selective screening for AAAs only in current smokers and not in former smokers is too restrictive, since most AAAs would be missed (40 However, although such risk factors may be important in managing individual patients, population screening strategies based on these factors have not been shown to perform better than strategies using age, sex, and smoking history in selecting high-risk populations for screening (30, 40) .
Repeated Screening for AAA after Negative Results on Ultrasonography
We identified 4 cohort studies of periodic repeated screening for AAA following negative results on ultrasonography. As part of a population screening program in Gloucestershire, United Kingdom, all men were offered ultrasonography at age 65 years (41) . A cohort of 223 men 65 years of age with no AAAs on initial ultrasonography had repeated ultrasonography at 5 and 12 years. Eight men were lost to follow-up, and 86 men died of causes unrelated to AAAs. None of the remaining 129 men experienced a clinically significant increase in aortic diameter over 12 years. Chichester study investigators prospectively followed 1011 men with aortic diameters less than 3.0 cm on initial screening at age 65 years (8). Over 10 years of follow-up, the incident rate for new AAAs was 4%. None of the new AAAs exceeded 4.0 cm in diameter. Since rupture is rare in AAAs less than 4.0 cm, and since the men in the cohort were in their mid-to late seventies at the time of follow-up, such aneurysms would probably not become clinically significant in their lifetimes. Another study from the United Kingdom (42) and the Veterans Affairs Aneurysm Detection and Management (ADAM) study (43) reported similar findings over shorter time periods.
Harms Associated with AAA Screening
No physical harms are known to arise from the use of ultrasonography in adults (28) . On the basis of surveys conducted by MASS trial investigators (22) , invited participants with positive ultrasonography results initially had slightly more anxiety, lower Short Form-36 mental and physical health scores, and lower self-rated health status than did those with negative results. These differences, however, were no longer apparent after 6 weeks, and all results fell within population norms. On the basis of surveys from the Viborg County trial (21), participants with AAAs 3.0 cm or greater showed small but significant decreases in 1-month survey measures of general health perception and self-estimated quality of life compared with noninvited controls. Another study examined psychological outcomes in 100 men with normal aortas and 61 men with AAAs participating in an aneurysm-screening program in Gloucestershire, United Kingdom (44). No differences were found in general health measures or anxiety levels between men with normal aortas and those with aneurysms before or after screening.
Harms Associated with AAA Repair
On the basis of an analysis of discharge data from a large U.S. hospital sample, the overall in-hospital mortality rate for elective AAA repair was 4.2%, with a complication rate of 32.4% (17) . Complications include myocardial infarction, respiratory failure, renal failure, ischemic colitis, spinal cord ischemia, and prosthetic graft infection. Cardiac complications are most common, occurring in approximately 11% of patients (45) .
The risk for death and complications from elective AAA repair increases with age. In a retrospective study of data from a large U.S. hospital database, after adjustment for sex, ethnicity, age, comorbid conditions, and hospital size, the OR for in-hospital death was 1.8 (CI, 1.4 to 2.3) for patients 70 to 79 years of age and 3.8 (CI, 2.9 to 4.9) for those 80 years of age and older compared with patients 60 to 69 years of age (17) .
Operative mortality for AAA repair also varies with hospital volume, surgical specialty, and surgeon volume. In a retrospective study using the same U.S. hospital database, in-hospital mortality after AAA repair was 4.2% overall after adjustment for age, sex, case mix, and urgency of the procedure (46). In hospitals performing more than 35 AAA repairs per year, the mortality rate was 3.0%, compared with 5.5% at hospitals performing fewer than 35 procedures per year (P Ͻ 0.001). Lower mortality rates were associated with operations performed by vascular surgeons (2.2%) compared with cardiac surgeons (4.0%) and general surgeons (5.5%) (P Ͻ 0.001). Similar results have been reported in studies of other large Canadian and U.S. hospital databases (47, 48). (39) . One of the study authors provided the prevalence of AAAs in men age 65 to 74 years from a screening study of 126 696 U.S. veterans (1). We estimated AAA-related deaths per 1000 person-years in uninvited controls by summing the number of AAA-related deaths in the control groups across the 4 trials (Figure 1) and dividing by the product of the number of control group participants multiplied by the mean follow-up for each trial in years ( Table 1) . We apportioned the expected number of AAA-related deaths without screening in ever smokers and never smokers on the basis of the relative prevalence of AAAs in each group. To model screening benefits, we used the pooled OR 0.57 for reduction of AAA-related mortality from the meta-analysis (Figure 1) . We assumed that the screening attendance rate, operative mortality, and other factors were similar to those in the screening trials and that ever smokers and never smokers would receive equal benefit in reduction of AAA-specific mortality if invited to attend screening. The estimated number of men age 65 to 74 years in the U.S. population was obtained from U.S. Census data for the year 2000 (38) . The Appendix Table (available at www .annals.org) shows the formulas used for calculations. The following caveats apply to these estimates: 1) In the veterans screening study cohort, 74% of veterans age 65 to 74 years had a history of smoking compared with 69% in the general population. As a result, the overall prevalence of AAAs in this cohort may also be higher than in the general population.
2) The key variable in this model is the relative prevalence of AAAs in ever smokers versus never smokers, which is determined by the relative burden of other AAA risk factors in each group. This model assumes that the burden of AAA-risk factors in the general population would not be greater in never smokers in relation to ever smokers than that seen in the veterans screening cohort. 3) This model assumes that the age-specific AAA-related mortality rate is similar for never smokers compared with ever smokers. This assumption appears to be conservative, since the prevalence of AAAs at a specific age is greater in ever smokers versus never smokers (Figure 2 ). 4) Since racial and ethnic data were not reported for the AAA screening trials, we cannot be sure that the AAA-related mortality reduction attributable to screening from the 4 screening trials would be applicable if applied to the racial and ethnic mix of the U.S. population.
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DISCUSSION
On the basis of our systematic review and meta-analyses, an invitation to attend AAA screening may reduce AAA-related mortality by 43% in men age 65 to 75 years. The Western Australia screening study also included patients 75 to 83 years of age. In a post hoc analysis, a significant reduction of AAA-related mortality from screening was seen in men 65 to 74 years of age but not in older men. The absolute risk reduction for AAA-related deaths over 4 to 5 years ranged from 3.6 per 10 000 in the Western Australia trial to 21 per 10 000 in the Chichester and Viborg County trials. It is important to note that these estimates pertain to screening in populations and not to screening for individuals.
An invitation to screening did not appear to reduce all-cause mortality. This result is not unexpected, since AAA-related mortality accounts for only a small proportion of all deaths in older men. In MASS, for example, AAArelated mortality, including operative mortality for elective and emergency surgical repair, was the attributed cause of death in 2% of those invited to screening versus 3% of controls. As is true in screening for other diseases, the influence of competing causes of death makes it difficult to detect changes in all-cause mortality; to do so, substantially larger trials would be required (49) .
Only the Chichester trial included women and showed no significant benefit of screening in reducing AAA-related mortality. An adequately powered trial of population-based screening for AAA, while desirable, would be challenging to perform. Abdominal aortic aneurysms are much less prevalent in women overall, occur on average 10 years later than in men, and are most likely to rupture after 80 years of age (9) . While screening has been recommended for women older than 65 years of age with cardiac risk factors (50), we found no controlled studies that support this recommendation.
After adjustment for other risk factors, a history of smoking is associated with a 5-fold increase in AAA risk (1) . Using a model of AAA screening in 65-to 74-year-old men, we estimated that 89% of AAA-related deaths prevented would be attributable to screening in 69% of those men with any history of smoking during their lifetime. Neither a current history of smoking nor consideration of other AAA risk factors appears to be more accurate than age, sex, and lifetime smoking history in selecting a highrisk screening population.
After at least 10 years of follow-up, periodic ultrasonography in men who had normal ultrasonography results at age 65 years found that the incidence of new AAAs was low. When AAAs were found, they were less than 4.0 cm and therefore were not likely to present a significant risk for rupture. On the basis of these findings, it appears unlikely that repeated screening of asymptomatic averagerisk men older than age 65 years would be beneficial.
No significant physical harms were associated with ultrasonography screening. Changes in self-reported psychological and general health perception in those found to have AAA and those with normal results on ultrasonography were generally mild and did not persist over time. Our review of harms indicates that elective AAA repair may result in significant mortality and morbidity. The risk for death and complications increased with age and preoperative comorbid conditions. More favorable outcomes were seen when experienced vascular surgeons in high-volume hospitals performed the surgery. Several limitations should be considered when interpreting our results. Because of the potential for misclassification of the cause of death from death certificates, the results of screening trials may be biased in favor of screening if deaths from disease, treatment, or screening among those screened are falsely attributed to other causes, that is, the so-called "slippery linkage" bias (51) . Data on causes of death from MASS argue against this; deaths from ischemic heart disease decreased slightly in those invited to screening compared with uninvited controls, while cancer-related deaths, which would not be attributable to AAA screening or treatment, increased slightly.
Potential confounding of screening trial results may also have occurred because of improved management of cardiovascular risk factors in those invited to screening. In MASS, for example, those attending screening may have benefited from improved treatment of hypertension because blood pressure was measured at the screening visit and was reported to the general practitioner (35) . Hypertension treatment, however, is more effective in reducing stroke risk than in reducing coronary artery disease risk (52) . In MASS, the percentage of deaths from ischemic heart disease was slightly lower in those invited to screening, but the percentage of deaths from strokes was the same in both groups; this suggests that improved hypertension treatment did not influence trial outcomes.
There were important differences in the design of the 4 population screening trials. The outcomes of the Viborg County study, in particular, were ascertained by using only hospital records, so an unknown number of AAA-related outcomes deaths occurring out of the hospital would have been missed. In the Western Australia study, patients found to have AAAs at screening were referred to their primary physicians for subsequent evaluation and management. In MASS and in the Viborg County and Chichester trials, follow-up scanning was performed periodically by study personnel. These factors had little impact on the meta-analysis of AAA-related mortality, however, because the pooled effect size was primarily determined by the MASS results.
Since all 4 AAA screening trials were conducted outside the United States and no data were provided on the race and ethnicity of the participants, the extent to which these findings can be generalized to the U.S. population is not clear. At this time, it is unlikely that a populationbased trial would be performed in the United States, par-
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Screening for Abdominal Aortic Aneurysm ticularly given the strength of the evidence favoring screening in the trials reviewed here. We believe that these studies provide the best evidence available to support recommendations for AAA screening in the United States.
Finally, as previously noted, estimates of absolute risk reduction from the 4 trials are based on screening for AAA in populations and do not apply to screening of particular individuals. These population-based estimates incorporate variability in factors such as rate of participation in screening, accuracy and reliability of ultrasonography, selection factors in those who did and did not attend screening, and rates of operative mortality and complications. In shared decision making, estimating a patient's absolute risk for AAA depends on a variety of factors, such as age, sex, smoking history, family history, and cardiovascular risk factors, as well as the patient's willingness to accept the potential harms of screening and treatment if an AAA is found.
On the basis of our review, we conclude that population screening for AAA in men age 65 to 74 years appears to reduce deaths from AAA. Treatment is associated with significant risks for operative death and complications. These risks, however, may be acceptable to men with AAAs greater than 5.5 cm, which are most prone to rupture. 
